Loggers play a critical role in the sustainable production of wood and paper products, and harvesting activities contribute to economic health and viability of many Upper Midwest communities in the United States. If the logging sector is unable to procure wood efficiently and economically from an increasingly parcelized land base, the competitive ability of the forest industry could be jeopardized. Little is known about the functions of the logging sector related to the forest resource land base on which they depend, and it is imperative to improve our understanding of this important part of the forest industry. The purpose of this study was to determine prospective attitudes about the future of the logging industry and how trends in forestland parcelization and harvesting mechanization are impacting the logging industry, especially as it relates to smaller tracts of land.
Introduction
Logging firms are the intermediaries between private and publicly owned forest resources and the associated forest products industry. The forest industry depends on these small independent logging businesses which harvest timber and deliver roundwood and chips for processing and are responsible for nearly all commercial timber harvests that occur [1, 2] . Through their harvesting activities, loggers shape the composition, health, and future development of forests. Thus, changes to the forest resource base on which loggers rely can have major impacts on the viability of this sector [1] . One factor affecting the resource base upon which loggers rely is forest parcelization which is defined as the "division or parcelization of larger, single ownership forest tracts into smaller parcels with diverse ownerships, many of which become more developed; and reduction in forest patch size, combined with isolation among patches" [3, page 54].
Forestland Parcelization and Logging
Forestland parcelization is related to logging in that the consequence is decreased tract sizes and an overall reduction in land available for harvesting. Researchers project that, by 2050, forestland approximately the size of the state of Pennsylvania will be consumed by urbanization in the United States [4] . In their study of private forest lands in the state of Georgia, Wear et al. [5] established that population density is a significant predictor of commercial timberland availability with the probability of commercial forestry approaching zero at 150 persons per square mile. Population density impacts commercial forest inventory through the conversion of timber growing area to residential or urban use and through the "perceived impermanence" of land use which discourages active investment by owners in timber production on their lands [5, page 108] . Utilizing USDA Forest Service Forest Inventory and Analysis data and a survey of timber buyers in the southeastern United States, Greene et al. [6] found that timberland in the smallest ownerships (less than 10 acres) rose by 7% while the amount of timberland in the 200+ acreage ownerships declined nearly 16% [6] over a 6-year period between 1982 and 1989. In addition to forestland parcelization, ownership parcelization effects are also present with the average private forest landholding in Indiana decreasing from 22 to 16 acres during a 10-year period from 1993 to 2003 [7] .
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What are the implications of forest resource parcelization on the logging industry? Researchers have noted the challenges associated with harvesting smaller parcels of forestland including issues related to costs of production [8] [9] [10] [11] . With a trend toward decreasing forest tract sizes on private forestlands [12] , harvesting costs increase due to higher moving and setup costs and higher hourly fixed costs [6] . As forest tract size harvested decreases, the cost per acre of treatment increases, especially for capital intensive mechanized harvesting methods [6, 13, 14] . The cost of production is increased due to diminished economies of scale [13, 15] and decreased investment in and completion of forest management activities by nonindustrial private forest owners (NIPF) [16, 17] . Logging in increasingly urbanized areas and on smaller tracts is also impacted by the rising number of logging regulations and ordinances at the local level [10, 18] .
While forest parcelization is a trend that is external to the logging industry, an internal trend of relevance is also occurring. This trend is towards more highly productive mechanized harvesting systems that are capital intensive. Over 10 years ago, researchers predicted an increase in harvesting mechanization [19] . The trend toward increasingly mechanized harvesting technology is not necessarily compatible with harvesting smaller tract sizes [20] . Greene et al. [19] also agreed that smaller tracts will likely be harvested using less-mechanized systems due to cost. In Northern Minnesota, Sinclair et al. [1] examined 23 logging companies and found that less mechanized systems are less productive than more mechanized systems by between 0.11 and 0.34 cords per man-hour. A key conclusion of this study was that the risk involved with investing in higher levels of mechanization is not profitable in poor wood supply markets. Also, these researchers observed a prevalence of less mechanized operations in the felling and skidding of timber. Rickenbach and Steele [21] conducted a similar study of productivity with relation to mechanized and nonmechanized firms in Wisconsin. Their findings indicate that mechanized firms are more productive on an annual basis and obtain a higher percentage of their total harvest volume from state and county forests than nonmechanized firms. Conversely, nonmechanized firms utilized a higher percentage of their total stumpage source from nonindustrial private landowners. Countering the higher production of mechanized firms, nonmechanized firms are less threatened by parcelization as they have the potential of a competitive edge on smaller-scale harvests.
One cannot discuss the logging sector without also considering ownership of the land from which timber is harvested. Loggers obtain their supply of wood from both public and private lands, and over 75% of the eastern hardwood sawtimber is located on privately owned nonindustrial forest land [22] . Less than 10% of eastern hardwood sawtimber is on land owned by the timber industry [22] . In fact, the relationship between forest resource ownership and timber supply was illuminated by Rickenbach and Steele [21] when they introduced the concept of NIPF-dependency. In their study of logging firms operating in the Upper Peninsula of Michigan and northern Wisconsin, they found clear distinctions between firms that were dependent on wood from private lands versus those that were more diversified in the ownership of lands harvested. NIPF dependent firms harvested 88% of their stumpage from private forestlands, while non-NIPF-dependent logging firms harvested 43% of their timber from public lands, 33% from industrial lands, and 24% from NIPF lands [21] . NIPF-dependent firms had fewer, smaller, and less intensively harvested sales and were more likely to harvest small tracts profitably indicating an adaptation of a subset of firms to the changes in the private forestland resource base. Similarly, Keefer et al. [23] found that some Pennsylvania logging firms were opting for lessmechanized systems that are ideal for harvesting smaller traces (≤19.77 acres). Keefer et al.'s study hints to the fact that some logging firms are specializing in smaller less intensive harvesting. Further study is needed to determine if the trend is present in other regions, particularly those with less-forest ownership diversity.
Loggers and Logging Firm Characteristics
Researchers have examined characteristics of loggers and logging firms across the South [24] , in West Virginia [25] , and in Georgia [19] . Munn et al. [24] conducted a 1993-mail survey for the American Pulpwood Association (APA) and asked logyard and procurement managers questions regarding their log suppliers. Respondents reported an increase in production of cords per week in their 1993 survey when compared to a former survey the APA conducted in 1987 (no response rate reported). During this time, the type of cutter heads also had a noted change from shears to rotary and chainsaw heads. Loggers in West Virginia were surveyed by Luppold et al. [25] to examine obstacles facing productivity in the timber industry. Using responses received from 24% of the 1,230 loggers in their sample, Luppold et al. [25] compared the volume of large and small logging operations. The factors limiting the productivity of small firms were skidding and trucking, while the procurement activities of large firms were limited by the felling and skidding of timber. Both large and small firms attributed productivity barriers to regulations, taxes, and workman's compensation. Firms with higher productivity by volume tended to have more money invested in equipment than the smaller firms. In Georgia, independent loggers, identified by their subscription to a timber industry publication, were surveyed to identify their harvesting systems, transport methods and costs, and other factors affecting their firms [19] . Based on data from 32% of the 769 independent loggers surveyed, Green et al. [19] were able to summarize the types of harvesting equipment used, products produced, and costs to move between tracts for independent loggers in Georgia. Researchers in this study calculated the capital invested by deriving a depreciated value of equipment using age and make supplied in the survey. They concluded that different harvest systems were more costly to move to new tracts than others. Also, manual felling was less productive per man-hour than a mechanized system, but less capital was invested. They also concluded that mechanization will increase in the future but that smaller International Journal of Forestry Research 3 tracts will be harvested using less-mechanized systems due to cost [19] .
While much research has been conducted, questions remain as to whether and how increased parcelization of forests will impact the logging industry. This study will examine this harvesting on increasingly parcelized lands from the perspective of independent logging firms operating in the north central region of the US. This study focuses on industry outlook by examining perceptions of logging companies toward external and internal challenges and trends facing the logging industry. Perceptions related to the future of the logging industry relate specifically to the challenges and trends discussed above such as forest parcelization and implications for parcel size harvested and profitability as well the issues related to level of mechanization and profitability identified in the literature. Of particular importance are the critical trends identified for timber supply on increasingly fragmented private lands as well as the trends toward mechanization which favor larger-scale harvests in terms of efficiency. The specific research questions this study aims to answer are as follow.
(1) What are logging firm views on external and internal challenges and trends facing the logging industry?
(2) How do parcel size and source of timber (ownership) relate to timber sale profitability?
(3) How do parcel size and mechanization relate to timber sale profitability?
Methods
This study focuses on the north central region of the United States. The majority of timberland in this region is owned by nonindustrial private landowners (62%), industrial landowners (33%), and public landowners (5%) [26] . Utilization of wood harvested for products in the north central region is 1.6 billion cubic feet annually, of which 31% is sawlogs, 31% is pulpwood, 22% is fuelwood, 12% is composites, 2% are other products, and 1% is veneer [26] . Details regarding the survey instrument, survey methodology procedures, and data analysis are indicated below.
Survey Instrument.
A 12-page survey was developed covering the topics of timber supply, nature of business, and demographics. This survey was mailed to an extant list of 1,499 logging firms operating in Wisconsin/Upper. Michigan and Indiana in 2004. Logging firms in the study were compiled from government and industry maintained databases of timber buyer and logger training lists. The logging firms were all involved in buying stumpage and/or selling harvested wood. Although the database used in this study was comprehensive, there were likely some logging firms that do not appear on industry-or-agency maintained databases. The survey method utilized was a modified Tailored Design Method [27] with an initial survey mailing followed by a reminder postcard and two follow-up surveys that were sent to nonrespondents. Six hundred ninety-four surveys were returned. However, due to the ineligibility of some respondents, the total number of usable surveys for the analysis was 652. The overall response rate was 48.5% which was comprised of a response rate of 59% for Wisconsin/Michigan and 38% for Indiana. Due to item nonresponse, the actual "n" will vary by analysis and is indicated in the data tables. Conceptual variables related in this study were (1) perceptions about the future outlook of the logging industry, (2) profitability of timber sales, (3) source of timber supply, and (4) level of mechanization. The measurement of these conceptual variables is indicated below.
Variable Measurement.
To measure logging industry outlook, a series of 13 questions were asked on the survey relating to this topic. The survey questions examined with factor analysis were the respondent's 5-year outlook on the logging industry. Exploratory factor analysis using Principal Component Analysis (PCA) was used to determine the dimensionality of this 13-question scale in the survey using SPSS 12.0 (Table 1) . Factors with eigenvalues greater than one were retained, and Varimax with Kaiser normalization was used to rotate the matrix orthogonally. Two items (logging will stay much like it is and mill prices will increase) were omitted to maximize the scale's Cronbach's alpha. The eleven remaining items loaded onto four factors and explained 56% of variance in attitudes regarding industry outlook (Table 1) . Factor 1 included items related to the challenges faced by the companies. These items include traveling farther for good logging chances, increased stumpage prices, increased competition from outside the United States, and logging will be more regulated. Factor 2 included external urbanization and development items such as decreased logging due to urban sprawl, more woodlots harvested for residential or commercial development, and decreasing size of logging parcels. Items involving the changing nature of logging industry loaded onto Factor 3. These items were trends of logging industry toward fewer, larger logging contractors, more subcontracting with no employees, and becoming more mechanized. Finally, Factor 4 included items relating to lower impact machinery and more regulation.
Factor scores were calculated for each outlook attitude scale using the regression method such that the variables are standardized with a mean of 0 and a standard deviation of 1 [28] . This refined approach is preferable to a coarse approach of summation of items as the refined approach allowed us to incorporate the weighted influence of all items on each of three subscales and created a continuous distribution [28] [29] [30] . The mean of all the scales is zero; however, the neutral point of the scale may be above or below the mean as indicated by a positive or negative sign. The benefit of regression scores is that they are continuous variables, each with their own distribution around the common mean of zero. This allows researchers to examine distributions and also makes the variables ideal for use in regression analysis.
Regression factor scores that resulted from the factor analysis were evaluated to determine the percent of individuals that agreed, disagreed, or remained neutral in relation to each factors (Table 2 ). To determine the neutral score for each subscale, factor scores were calculated based on the existing factor structure for a hypothetical individual who expressed neutral attitudes (response = 3) for all items in each of the subscales. To calculate the range of neutrality, scores on each of the subscales were calculated for two hypothetical individuals who expressed neutral attitudes for every item that dominated (loading of 0.40 or greater) the given subscale with one individual strongly disagreeing (response = 1) with every other item and the other individual strongly agreeing (response = 5) with every other item. These hypothetical scores correspond to the bounds of the conceptual range of neutrality. We used these neutral boundaries to determine the percentage of respondents in our sample who disagreed (i.e., subscale scores fell below the lower bound of neutrality), fell within the range of neutrality, and agreed with each subscale (i.e., subscale scores were above the upper bound of neutrality). The company's level of harvesting mechanization was determined by the indication of equipment used to harvest or secondarily process timber. If the respondent specified chainsaws as the primary instrument of harvest, they were considered nonmechanized. If the respondent indicated the use of cut-to-length systems, feller-buncher systems, or some combination thereof, they were considered mechanized. To measure profitability, a continuous variable was created that consisted of the proportion of profitable sales as a function of total sales in each acreage category (ratio of the number of total sales in the acreage category divided by the number of profitable sales in the acreage category). We used ANOVA (with Tukey post hoc) to determine whether there was a 
a Ratio consisting of the number of total sales in the acreage category divided by the number of profitable sales in the acreage category (range is from 0 to 1).
significant relationship between timber sale profitability on small, medium, and large timber sales and source of timber supply. We used t-tests to determine whether there was a significant relationship between timber sale profitability on small, medium, and large timber sales and level of mechanization.
Results

Research Question 1.
For attitudes regarding industry outlook, over 90% of individuals agreed with the items in Factor 1 (challenges) ( Table 2 ). Factor 2 (urbanization and development) had a wider distribution of responses with 36% agreeing, 27% neutral, and 37% disagreeing with its contained items ( Table 2) . Fifty-five percent of individuals agreed with the items in Factor 3 (changing nature of business), while 38% remained neutral on these items (Table 2) . Finally, the majority (87%) of individuals agreed with the items in Factor 4 (low-impact logging and regulation) ( Table 2) .
Research Question 2.
To place the results of the analysis for Research Question 2 in context, we provide descriptive data on the source of timber supply of logging firms in the study region (Figure 1 ). For private family forestlands, 50% (n = 314) of firms in the study region obtain 75-100% of their timber supply from this ownership type. About a quarter of firms (n = 149) obtain 24% or less of their timber supply from family forests. Eighty percent of responding logging firms (n = 504) indicated that they obtain 24% or less of their stumpage from industrial lands, while 66% of responding logging firms (n = 414) indicated that they obtain 24% or less of their timber supply from public lands (federal, state, county). The following results investigate the relationship between source of timber supply, and timber sale profitability among varying parcel sizes. We found a relationship between profitability of timber sales and source of timber supply and this result is most prominent for those firms that rely on private and public lands versus supply from industrial lands. For small acreage sales (1-20 acres), profitability of those sales was highest for those firms that obtain 25-49% and 75-100% of their supply from family forestlands ( Table 3 ). The least profitable sales in the small acreage category (1-20 acre harvests) were those who obtained 24% or less of their supply from private family forests (Table 3) . For medium-sized sales (21-80 acres) and large-sized sales (81+ acres), those firms that obtained the majority of their supply (75% or more) from family forests had the highest profitability ratio when compared to firms that drew less of their supply from family forests (Table 3) . There was no significant relationship between industrial sources of timber and profitability of small (P = .441), 
a Ratio consisting of the number of total sales in the acreage category divided by the number of profitable sales in the acreage category (range is from 0 to 1). 
medium (P = .499), or large (P = .246) timber sales. For public lands, significant differences were observed in both small (1-20 acres) and medium-sized sales but not on larger sales (81+ acres) ( Table 4 ). For both small-and mediumsized timber sales, firms that obtained 24% or less of their supply from public lands had the most profitable sales (Table 4) .
Research Question 3.
Level of mechanization for firms was varied with 59% of firms utilizing chainsaw-based systems and 41% employing a greater level of harvesting technology (feller-bunchers, cut-to-length, forwarders, and harvesters). Nonmechanized firms have a significantly higher profitability ratio on small-(1-20 acres) and medium-(21-80 acres) sized sales compared to their mechanized counterparts (Table 5 ). On the largest sales (81+ acres), there were no significant differences between mechanized and nonmechanized firms; they were both profitable on upwards of 80% of timber sales in this size category. The lowest profitability ratio was 0.73 for mechanized harvests on 1-20 acres, and the highest profitability was reported on small-to medium-sized nonmechanized harvests (80 acres or less).
Discussion
Most firms in this study agreed that the logging industry is facing challenges related to the business environment (increasing stumpage prices, having to travel further for good logging chances, greater competition from outside the United States, and more regulated practices, greater use of low-impact logging systems). However, logging firms were split on their views toward the effects related to increasing sprawl and development with 36% agreeing that this will be a concern in the short term and a nearly equal number of respondents (37%) disagreeing. Slightly over half of respondent logging firms felt that the logging business 5-year outlook will include fewer but larger logging contractors, more subcontracting, and more mechanized logging. In terms of attitudes, firm owners did not universally view urbanization and parcelization issues as significant issues facing their businesses. Logging firms in the north central region rely heavily on private family forests with half of the responding firms indicating that they obtain a majority (75% to 100%) of their stumpage from this source. Firms in the study region were less reliant on public and industrial lands as sources of timber which are less abundant than private nonindustrial forests in the region.
Generally, profitability of timber sale increased with size of timber sale. For public lands, profitability only varied on small and medium sized timber sales. Profitability of timber sales actually decreased with strong reliance on public lands as a source of timber on small timber sales. These small sales were less profitable on public lands. For medium-sized sales on public lands, profitability also decreased with a reliance on public forests for a majority of timber supply (50% or more). Small timber sales, regardless of the dependency mix, were the least profitable on public forest lands. Firms in the study were better able to harvest small tracts profitably on private lands. Those firms that draw a significant source of their supply from private forestlands (25% or more) were able to maintain a higher profitability threshold (75-85% of sales were profitable) than those that relied less on private lands less as a source of timber. For private industrial lands, no significant differences in profitability were observed regardless of timber sale size and reliance on these lands for harvest.
Mechanization is related to profitability on small and medium timber sales. Nonmechanized firms were significantly better able to conduct timber sales profitability on small-(20 acres or less) and medium-sized (21-80 acres) harvests compared to their mechanized counterparts. On larger timber sales (81 acres or more), mechanization did not have a significant relationship with profitability. Consistent with Rickenbach and Steele [21] , we found that some firms are specializing and adapting to harvesting small tracts profitably. The mechanization trends coupled with ownership dynamics makes the issue of parcelization more prevalent as it impacts private lands to a greater extent than public lands.
Not all firms are adopting the changes in harvest technology as a proportion of firms are remaining nonmechanized in their harvesting methods and machinery. It is these lessmechanized firms that are better able to harvest smalland medium-sized tracts profitably. This is likely insulating them, in part, from the parcelization trends identified in the literature review of this paper. In fact, nonmechanized firms may have somewhat of an advantage on smaller tracts. As the practice of forestry moves more toward a "boutique" model [10] , nonmechanized firms will be an essential piece of that puzzle, giving smaller landowners a profitable and less-intensive option for harvesting. Also, as forestland parcelization continues, it may produce greater demand for logging services on small parcels of land. Thus, logging firms may adapt their services, equipment, and fee structure to conduct profitable harvests on small parcels of woodland. Thus, parcelization may not necessarily lead to a negative outcome for all loggers-especially if some are able to adapt to changing landscape conditions by altering their services, equipment, and outlook to remain profitable.
